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Problems concerning assessment of
anatomical site of accessory pathway in
Wolff-Parkinson-White syndrome

R. A. J. Spurrell,' D. M. Krikler,2 and E. Sowton
From The Cardiac Department, Guy's Hospital, London

Two patients with type B WPW syndrome and reciprocal tachycardias have been studied using intracardiac
electrograms andprogrammed electrical stimulation of the heart. One patient, who had a right-sided accessory
pathway giving the surface electrocardiographic appearances of type B WPW syndrome, was shown to have
an additional left-sided accessory pathway as occurs in type A WPW syndrome. This concealed left-sided
atrioventricular connexion formed the retrograde pathway during reciprocal tachycardia. In the second
patient the appearances of type B WPW syndrome were shown to be caused by an accessory pathway be-
tween the atrial septum and the right side of the interventricular septum rather than an accessory pathway in
the right atrioventricular groove. The significance of thesefindings when considering surgical interruption ofan
accessory atrioventricular conduction pathway is discussed.

In the Wolff-Parkinson-White (WPW) syndrome
the surface electrocardiogram shows a short PR
interval and a wide bizarre QRS complex and there
is a tendency to paroxysmal tachycardia (Wolff,
Parkinson, and White, I930); the onset of QRS is
deformed by a delta wave (Segers, Lequime, and
Denolin, I944). It is now thought that this abnormal
complex is caused by fusion between activation of
the ventricles via the normal atrioventricular node
His pathway and an accessory atrioventricular path-
way (Wolferth and Wood, 1933; Butterworth and
Poindexter, I942). The WPW syndrome has been
divided into types A and B depending upon the
QRS configuration in the right praecordial leads
(Rosenbaum et al., I945): in type A, the QRS com-
plex is dominantly positive in Vi and V2, whereas
in type B it is dominantly negative. Histological
examination of hearts from patients with the WPW
syndrome has shown that in many instances the
location of the accessory pathway can be deduced
from the surface electrocardiogram, the accessory
pathway classically being in the right atrioventric-
ular groove in type B (Lev, Gibson, and Miller,
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I955) and in the left atrioventricular groove in type
A (Mann et al., I973; Ohnell, I944).
We now describe two patients with the surface

electrocardiographic appearances of type B WPW
syndrome: an electrophysiological study revealed
that one patient had an additional accessory path-
way on the left side of the heart (as well as one on
the right side) and that in the other case the acces-
sory pathway was not in the right atrioventricular
groove but that it connected the right atrium directly
with the right side of the interventricular septum.

Patients and methods
The clinical details of the two patients studied are shown
in the Table. Both patients had long-standing histories
of paroxysmal supraventricular tachycardia. Informed
consent was obtained from both patients and an electro-
physiological study was then carried out in the post-
absorptive, non-sedated state.
Three bipolar catheter electrodes with an inter-

electrode distance of i cm were introduced percu-
taneously via one or both femoral veins. One catheter
was positioned high in the right atrium to record a high
right atrial electrogram; one catheter was positioned
across the tricuspid valve and a His bundle electrogram
recorded using the technique described by Scherlag
et al. (I969). A third catheter was used for atrial or ven-
tricular pacing and for introducing atrial or ventricular
premature beats. In Case I a fourth bipolar electroed
catheter was passed to the left atrium via a patent
foramen ovale and positioned in the region of the left
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TABLE

Case Age Sex Electro- Clinical details
No. (yr) cardiogram

I 26 M Type B WPW Recurrent bouts of
supraventricular
tachycardia; mitral
stenosis and aortic
incompetence

2 28 F Type B WPW Recurrent bouts of
supraventricular
tachycardia

superior pulmonary vein to record a high left atrial
electrogram.

All recordings were made on an eight channel Elema
Mingograf 8i. The His bundle electrogram was re-
corded with the frequency response set at 45-500
cycles/s. Leads I, III, Vi, and V6 of the surface electro-
cardiogram were recorded simultaneously with the intra-
cardiac recordings. All recordings were taken at a paper
speed of ioo mm/s.
A Devices' 4270 stimulator was used for atrial and

ventricular pacing. The heart was driven at a constant
frequency, thus preventing any changes in excitability
or refractoriness caused by irregularities in rhythm.
Single or double atrial or ventricular premature beats
were delivered after every eighth beat of the basic driven
rhythm. A variable delay circuit triggered by either the
R wave of the surface electrocardiogram, or an atrial
electrogram was used so that the premature beats could
be delivered in the cardiac cycle at a preset delay fol-
lowing the preceding driven beat. In each patient the
mode of initiation and termination of tachycardia was
studied as was the effect of premature beats on the basic
rhythm during tachycardia. Pacing of the His bundle
was carried out in both patients using the catheter elec-
trode that recorded the His bundle electrogram.

Results

Case i

Fig. i is a recording obtained from Case i during
right atrial driving. The first two beats are right
atrial paced beats with a cycle length of 6ioims.
The third beat is a right atrial premature beat with
a coupling time of 360 ms. The His potential follow-
ing this atrial premature beat occurs i0 ms after the
onset of ventricular activation (HV= -i0 ims) in-
dicating that this is a fusion beat between impulses
conducted down the atrioventricular nodal His
system and down the accessory pathway. The QRS
complex of this third beat shows a pronounced
delta wave in leads I and V6, the QRS is wide, and
there is a prodominant S wave in lead Vi indicating
a typical type B WPW configuration. Fig. 2 is a
recording obtained from Case i during right atrial
'Devices Instruments Ltd., Welwyn Garden City, Herts.
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FIG. i Recording obtained from Case i during
right atrial pacing with a right atrial premature beat
with a coupling time of 360 ms. HRAE= high right
atrial electrogram; HLAE= high left atrial electro-
gram; HBE= His bundle electrogram; I, III, Vi,
V6 = surface electrocardiographic leads; St =pace-
maker stimulus artefact; A = atrial potential as seen
on the atrial electrograms; H= His potential as seen
on the HBE; V= ventricular depolarization as seen
on the HBE; HV= time in ms from the His potential
on the HBE to the earliest onset of ventricular activa-
tion; St-V= time in ms from the pacemaker stimulus
artefact to the earliest onset of ventricular activation.
A self-explanatory ladder diagram is drawn below the
recording. AV= atrioventricular region; H=AV
nodal His pathway; K=Kent pathway.

pacing. Again the first two beats are right atrial
paced beats with a cycle length of 6io ms. The
third beat is an atrial premature beat with a coupling
time of 350 ms, i0 ms earlier than in Fig. I. The
third QRS complex, however, now has a totally
different configuration from the third QRS in
Fig. I. Again there is a delta wave, now seen in all
four surface electrocardiogram leads; the QRS com-
plex is wide and now there is a positive delta wave
and dominant R wave in lead Vi indicating a typical
type A WPW configuration.

Fig. 3 is a recording obtained from Case i during
right atrial pacing. Again the first two beats are
right atrial paced beats with a cycle length of 6io ms.
His bundle activation occurs simultaneously with
the onset of ventricular activation (HV = o) indi-
cating that these two beats are fusion beats. The
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F I G. 2 Recording obtained from Case i c

atrial pacing and with a right atrial prer
with a coupling time of 350 ms. For explk
text.

third beat is a right atrial premature b
coupling time of 230 ms. Following this
premature beat, ventricular activation oc

by way of the atrioventricular node-His
indicated by the fact that the His potenti
a normal and narrow QRS complex bz
interval (HV = 45 ms). Following
premature beat there is spontaneous
conduction to the atria as shown on

electrogram and a tachycardia is initiate
tachycardia the QRS complexes are norm

and configuration and are preceded by His
indicating that anterograde conduction is
the normal atrioventricular node His pat
sequence of retrograde atrial activation
each QRS complex as seen on the high
electrogram and high left atrial elect
such that the high left atrium is activa
before high right atrial activation (retro
duction time to the high left atrium VA
go, whereas retrograde conduction time*
right atrium VA' (HRA) = I35 ms). The s
of this latter finding will be discussed.

In this patient the tachycardia coulc
inated by suitably timed single right an(

premature beats and by suitably timed
tricular premature beats.

Case 2
Fig. 4 is a surface electrocardiogram obtained
from Case 2 during sinus rhythm. The PR interval
is short (o.io s), the QRS complex is wide (0.14 s),
and a delta wave can be seen in many leads. In lead
Vi there is a small r wave and a deep S wave. This

7 electrocardiogram shows a typical type B WPW
-V
= X + Lconfiguration.

A V.--t;N t Fig. 5 is a recording obtained from Case 2 during
;,C-L- .right atrial pacing. The first two beats are right

atrial paced beats with a cycle length of 570 ms.
Both these right atrial paced beats show the typical
features of type B WPW configuration. The third
beat is a right atrial premature beat with a coupling
time of 280 ms. The QRS complex following this

X+- right atrial premature beat is narrow and normal in
- r configuration, indicating that the impulse from this

i44j2i'_ ,atrial premature beat is conducted solely by way of

ZziL~~< the atrioventricular node His pathway. Following4,FX- this atrial premature beat there is a spontaneous
retrograde conduction to the atria, as shown on the
high right atrial electrogram, and a tachycardia is
initiated. During tachycardia anterograde con-

V-120 duction occurs solely by way of the atrioventricular
node His pathway, as indicated by the normal and

,uring right narrow QRS complex preceded by a His potential
anatue beat with a normal HV time (HV=45 ms). Following
ination, see each QRS complex there is a retrograde conduction

to the atria, as shown on the high right atrial
)eat with a electrogram. The tachycardia in this patient could
right atrial be consistently terminated by suitably timed right
curs solely ventricular premature beats, and induced right
pathway as atrial and right ventricular premature beats during
al precedes tachycardia were followed by pauses less than com-
y a normal pensatory.
this atrial Fig. 6 shows a sinus beat, a His bundle paced
retrograde beat, and a right ventricular paced beat from Case 2.
the atrial The left hand panel shows a sinus beat which has

ed. During the typical appearance of a type B WPW syndrome
Lal in width with a short PR interval, wide QRS complex, delta
potentials, wave, and dominant S wave in lead Vi as in Fig. 4.

3 by way of The middle panel shows a beat paced from the
hway. The region of the His bundle using the catheter that
1 following recorded His bundle activity: the QRS complex
right atrial is identical to that seen in the left hand panel, show-
trogram is ing the sinus beat, apart from a minute q wave in
Lted 45 ms lead III. That ventricular activation occurs simul-
ograde con- taneously with the pacemaker stimulus is indicated
.' (HLA) = by the St-V time of o ms. There is retrograde con-
to the high duction to the atria from this stimulated beat as
significance seen by the atrial activation on the high right atrial

electrogram; the retrograde conduction time (VA-)
I be term- is go ms. The right hand panel shows a beat obtained
d left atrial when the region between the right ventricular in-
right ven- flow and outflow tract was stimulated. This was

carried out by advancing the catheter, through
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FIG. 3 Recording obtained from Case i showing the onset of a supraventricular tachycardia
following an atrial premnature beat with a coupling tiMe Of 230 ins. A' =retrograde atrial
potentials as seen on the atrial electrograms; St-H= time in milliseconds from the pacemaher
stimulus artefact to the His potential on the HBE; VA' (HRA) = retrograde conduction time in
ms from the onset of ventricular activation to the retrograde atrial potential on the HRAE;
VA' (HLA) = retrograde conduction time in ms from the onset of ventricular activation to the
retrograde atrial potential on the high left atrial electrogram.
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FIG. 4 Surface electrocardiogram obtained during
sinus rhythm from Case 2.

which the region of the His bundle had been stimu-
lated, I to 2 cm into the right ventricle. The QRS
complex is now seen to be quite different from that
of the sinus beat and from the QRS complex re-
sulting from pacing in the region of the His bundle.
The QRS complex in the right hand inset now
shows a left bundle-branch block pattem with right
axis deviation, as may occur with pacing in this
region. Following this ventricular paced beat, there
is retrograde conduction to the atria as indicated by
retrograde atrial activation on the high right atrial
electrogram. The retrograde conduction time is
considerably longer than when pacing from the
region of the His bundle was undertaken (VA'=
I70 ms as opposed to VA'=0go ms).

Discussion
Patients with intractable tachycardias associated
with the WPW syndrome can now be treated by
surgical section of the accessory pathway. During
epicardial mapping studies in a patient with type B
WPW syndrome, Cobb et al. (I968) found an area
of ventricular pre-excitation in the right atrioven-
tricular groove; when this area was divided



Assessment of the accessory pathway in the WPW syndrome 131

St-v- &-Vs= v-k-rn
F I G . 5 Recording obtainedfrom Case 2 showing the initiation ofa supraventricular tachycardia
by a right atrial premature beat with a coupling time of 280 ms. VA' = retrograde conduction
time in ms from the earliest onset of ventricular activation to the retrograde atrial potential on
the high right atrial electrogram.
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FIG. 6 Recordings obtained from Case 2 showing a
sinus beat in the left hand panel, a His bundle paced
beat in the centre panel, and a beat obtained from
stimulation of the right ventricular inflow tract in the
right hand panel.

Sinus Rhythm Tachycardia
FIG. 7 Diagram of the normal conduction system
and the accessory atrioventricular connexion in Case 2
showing the conduction sequence (interrupted line)
during sinus rhythm in the left hand panel and during
tachycardia in the right hand panel. SI= sinus
impulse.
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surgically the pre-excitation and episodes of tachy-
cardia were abolished. Since then other workers
have had similar success in patients with type B
WPW. More recently, Wallace et al. (I974) have
reported two patients with type A WPW syndrome
in whom epicardial mapping studies showed an area
of ventricular pre-excitation posteriorly in the left
atrioventricular groove; appropriate atrial incisions
were made, and the pre-excitation and episodes of
tachycardia were abolished.

This form of therapy depends upon the accurate
assessment of the site and function of the accessory
pathway. In the first patient described in this paper
the resting surface electrocardiogram showed a type
B WPW configuration and classically the accessory
pathway would be expected to occur in the right
atrioventricular groove. It would have been reason-
able to expect that the circus movement tachycardia
occurring in this patient involved retrograde con-
duction by way of this right-sided accessory path-
way. Had epicardial mapping been carried out in
this patient, an early area of ventricular activation
may well have been found in the right atrioven-
tricular groove and surgery carried out in this
region. Initially the electrophysiological study
demonstrated that during sinus rhythm and with
atrial premature beats down to a coupling time of
360 ms the ventricles were activated via a right-
sided accessory pathway giving the appearance of a
type B WPW syndrome. However, with atrial pre-
mature beats occurring at coupling times of 350 ms
and less (Fig. 2), this right-sided accessory pathway
became refractory and the ventricles were then
activated via a left-sided accessory pathway, now
with the surface electrocardiographic appearances
of type A WPW syndrome. This latter configura-
tion of type A WPW syndrome was never seen on
resting electrocardiograms. An unusual feature,
however, concerns the stimulus to delta interval
(St-V) of the beats showing a type B WPW con-
figuration and those showing a type A configura-
tion. In both instances this interval is the same
(St-V= 120 ms). In the presence of a left-sided
accessory pathway it would be expected that the
conduction time from a right atrial stimulus to the
atrial insertion of a left-sided accessory pathway
would be longer than the conduction time to a right-
sided accessory pathway. The lack of prolongation
of the St-V time in this patient when left-sided
accessory pathway activation occurs may be caused
by the atrial end of both pathways being inserted
relatively close together, possibly posteriorly, one
into the right atrium and the other into the left.
At an atrial premature beat coupling time of 230 ms
this left-sided accessory pathway also became re-
fractory and the ventricles were activated solely by

way of the atrioventricular node His pathway, and a
re-entry tachycardia was initiated. During tachy-
cardia it is conceivable that retrograde conduction
would occur by way of either the left- or right-
sided accessory pathway, or the re-entry circuit
could be intra-atrioventricular nodal with neither
accessory pathway involved. However, the retro-
grade activation sequence of the atria during tachy-
cardia was such that the high left atrium was acti-
vated 45 ms in advance of the high right atrium (see
Fig. 3), suggesting that the retrograde pathway in-
serted into the left atrium. In addition, this patient
had mitral valve disease with an enlarged left
atrium. Under these circumstances, one would
expect retrograde atrial activation in the region of
the left superior pulmonary vein (the site of the
left atrial recording electrode) to be delayed. In
this patient, the high left atrium was still activated
in advance of the right and in the presence of a
normal left atrial size the high left atrial activation
would occur even earlier still, thereby emphasizing
further the abnormal retrograde atrial activation
sequence with high left atrial activation occurring
before the right. A similar retrograde atrial activa-
tion sequence during tachycardia was found by
Wallace et al. (I974) in two patients with type A
WPW syndrome. It has been found in our labora-
tory that during re-entry tachycardia in type B
WPW syndrome retrograde right atrial activation
invariably precedes left atrial activation and in
atrioventricular nodal re-entry tachycardia activa-
tion of the high right and high left atria occurs either
simultaneously or the right atrium is activated in
advance of the left. These findings accord well with
those of Massumi et al. (I969) who found that
during right ventricular pacing in patients with
normal conduction systems retrograde activation of
the atria by way of the atrioventricular node His
pathway led to simultaneous right and left atrial
activation, or right atrial activation occurred up to
30 ms before left atrial activation. It appears, there-
fore, that Case I has two accessory pathways, one
giving the appearance of type B WPW syndrome on
the resting electrocardiogram; the other which
probably lies in the left atrioventricular groove is
only apparent following early right atrial pre-
mature beats. However, it is this concealed left-
sided accessory pathway which provides the retro-
grade pathway for the reciprocal circuit during
tachycardia.

Mulptiple anomalous atrioventricular connexions
have been identified in the rabbit (Sano, Suzuki,
and Tsuchihasi, I970) and squirrel monkey (Boin-
eau et al., I973). Appearances may be seen in man
suggestive, at different times, of WPW syndrome
types A and B (Ramachandran, 1972); but in a
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more convincing report, Matter and Hayes (I964),
recorded on three separate occasions, surface
electrocardiograms that, respectively, showed nor-
mal conduction, WPW syndrome type A, and WPW
syndrome type B, in a patient suffering from
paroxysmal supraventricular tachycardia. Inter-
mittent and unexplained transformation from type
A to type B has recently been observed during a
physiological study (Josephson, Caracta, and Lau,
I974).

In the second patient, also with the surface
electrocardiographic appearances of type B WPW
syndrome, an accessory atrioventricular connexion
in the right atrioventricular groove would be ex-
pected. During right atrial pacing (St-V=85 ms)
anomalous activation of the ventricles occurred as
shown by the short PR interval, delta wave, and
wide QRS complex (Fig. 5), but an atrial premature
beat at 280 ms found the accessory pathway refrac-
tory and the ventricles were then activated solely
by way of the AV node His pathway. Following this
atrial premature beat, a tachycardia was initiated
which showed normal QRS complexes. During
tachycardia induced premature beats were followed
by pauses less than compensatory and the tachy-
cardia could be terminated by suitably timed single
premature beats. These findings suggested that a re-
entry or reciprocal mechanism was the most likely
basis for the tachycardia (Wellens, I971). In this
patient, therefore, the reciprocal circuit during
tachycardia is likely to be anterogradely via the
atrioventricular nodal His pathway and retro-
gradely via the accessory pathway.

If the accessory pathway is in the atrioventricular
groove, then stimulation in the region of the bundle
of His (via the electrode recording the His bundle
electrogram) will only stimulate the normal conduc-
tion system and a narrow QRS complex will be
seen on the surface electrocardiogram. However,
the middle inset (Fig. 6) shows that during His
bundle pacing a QRS complex identical to that
occurring during anomalous activation of the ven-
tricles is seen; this suggests that the accessory path-
way was activated during stimulation in the region
of the bundle of His.
Coumel et al. (I97I) have demonstrated that the

occurrence of a short HV time in association with a
delta wave and a normal QRS complex during His
bundle stimulation suggests the presence of a
Mahaim bypass close to the His bundle and insert-
ing into the ventricular septum (Mahaim, I947).
Cole et al. (I970) provided evidence that an
accessory connexion between the atrial septum and
ventricular septum existed in a patient with the
electrocardiographic appearance of a type B WPW
syndrome but in whom epicardial mapping showed

an early area of ventricular activation in the right
atrioventricular groove. This conforms with the
suggestion by Durrer, Schuilenburg, and Wellens
(I970) that the surface electrocardiographic features
of type B WPW syndrome could result from ven-
tricular septal pre-excitation.

In Case 2 the anomalous activation of the
ventricle is most probably caused by an accessory
pathway inserting into the right side of the inter-
ventricular septum which gives the surface electro-
cardiographic appearanceofatypeB WPWsyndrome
both during sinus rhythm and during stimulation
in the region of the His bundle. During stimulation
in the region of the His bundle the time from
the stimulus artefact to the onset of ventricular
activation (St-V) was o ms, indicating that the
stimulation must be occurring at the ventricular end
of the accessory pathway.
That the surface electrocardiographic appearances

during stimulation in the region ofthe His bundle are
not caused by direct ventricular stimulation mimick-
ing anomalous activation of the ventricle is shown by
totally different QRS configuration produced by
stimulation of the inflow tract of the right ventricle
(right hand inset, Fig. 6).
During stimulation in the region of the His

bundle, the retrograde conduction time from the
onset of ventricular activation to high right atrial
activation is short (VA'=9go ms). This suggests
that the upper part of the accessory pathway inserts
directly into the atrium rather than inserting either
into the atrioventricular node or upper part of the
His bundle; in the latter two instances the retrograde
conduction time would be expected to be longer
because of retrograde conduction through the atrio-
ventricular node.

Fig. 7 is a diagram showing the position of the
accessory pathway. During sinus rhythm (left hand
diagram) the ventricles are activated via the normal
atrioventricular node His pathway and via the
accessory pathway passing from the atrium to the
upper part of the right side of the intraventricular
septum, thus giving the surface electrocardiographic
features of type B WPW syndrome. During re-
ciprocal tachycardia anterograde conduction occurs
by way of the atrioventricular node His pathway, the
surface electrocardiogram showing a normal and
narrow QRS complex preceded by a His potential,
and retrograde conduction occurs by way of the
accessory pathway.
During tachycardia the retrograde conduction

time (VA') is 140 ms which is 50 ms longer than the
retrograde conduction time during stimulation in
the region of the His bundle (VA'=go ms). This
additional 50 ms is most probably caused by the
conduction time in the septum from the site at which
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the activation impulse leaves the right bundle-
branch to the ventricular insertion of the accessory
pathway (see Fig. 7).

Atrioseptal accessory pathways were described by
Paladino in I914 and more recently by Schumann,
Jansen, and Anschutz (1970). It appears that an
atrioseptal accessory pathway of the type postulated
in this patient may be similar to that found by Cole
et al. (I970), as described earlier in the discussion.
The findings in these two patients, therefore,

indicate the importance of an adequate electro-
physiological study in patients with the WPW syn-
drome who are under consideration for surgical
division of the accessory pathway. In the first
patient an accessory pathway in the right atrioven-
tricular groove may have been found and divided
at surgery, but an attempt to divide the additional
concealed left-sided accessory pathway, the one
responsible for the reciprocal tachycardia, would not
have been made unless it had been demonstrated
before operation; thus attacks of tachycardia may
have persisted. In the second patient the accessory
pathway was not in the classical site of a Kent path-
way in the atrioventricular groove but was adjacent
to the normal specialized conduction system insert-
ing into the upper part of the ventricular septum.
If this situation had not been assessed adequately
before operation then an unsuccessful attempt to
divide an accessory pathway in the right atrioven-
tricular groove may have been made, especially if
epicardial mapping had shown an early area of
ventricular excitation in the right atrioventricular
groove, as was the case in the patient described by
Cole et al. (1970), and discussed earlier. In this
patient, a possible surgical approach would be to
attempt to divide the accessory pathway between
the atrium and the upper part of the right side of
the interventricular septum, but such an approach
would be extremely difficult without causing addi-
tional damage to the normal specialized conduction
system in this region, thereby possibly necessitating
the implantation of a pacemaker.
As has been indicated previously (Spurrell,

Krikler, and Sowton, I973), even in the presence of
an anomalous pathway, paroxysmal tachycardia
may depend exclusively on pathways within the
atrioventricular node. Before surgery is contem-
plated for the treatment of refractory tachycardia,
it is essential not only to identify such pathways as
may be present, but also to demonstrate that they
are implicated in the tachycardia circuit. Unless this
is done, what appears to be a justifiable surgical
procedure may fail, not because of poor surgical
technique, but because the mechanism of the tachy-
cardia has not been completely defined by rigorous
electrophysiological study.
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